Lipoxygenases use molecular oxygen to oxidize polyunsaturated fatty acids (PUFAs) to their hydroperoxide derivatives and are designated either 5-, 12-, or 15-depending on the site of hydroperoxide formation. These compounds are widely distributed in plants and animals and recently have been identified in fungi as well. There is evidence that lipoxygenases occur in Achlya ambise-xualis (12) , Fusarium oxysporum (28) , Lagenidium giganteum (15) , Saccharomyces cerevisiae (29) , Saccharomyces vini (18) , Saprolegnia ferax (11) , and Saprolegnia parasitica (9, 11) . The lipoxygenase-PUFA interaction can be developmentally significant. In the genera Achlya (12) and Saprolegnia (11) , the lipoxygenase products are associated with vegetative (mycelial) growth rather than with sexual reproduction. In contrast, in L. giganteum (15) the lipoxygenase products are necessary for oosporogenesis.
The arachidonic acid cascade (8, 23, 24) The dimorphic capacity of C. ulmi is important for its pathogenicity toward elm trees. All vascular wilt fungi are dimorphic (27) . C. ulmi switches to the yeast morphology in infected trees (19) (25) . 
RESULTS
Fatty acid composition of C. ulmi. Lipoxygenases require PUFAs as substrates for activity. (Table 1) , as well as in blastospores and in cells growing in both the yeast form and the mycelial form (13) . This absence of arachidonic acid is in accordance with the suggestion (7, 35) that fungal PUFA distribution patterns are divided along taxonomic lines; the lower fungi, including Achlya parasitica and A. ambisexualis, have arachidonic acid as a major fatty acid (35) , whereas the higher fungi, such as C. ulmi, synthesize only two types of PUFAs, linoleic and a-linolenic acids (7). The high level of linoleic and linolenic acids in C. ulmi is similar to the level reported for Ceratocystis coerulescens (31) (64.1% C18:2 and C18:3 in the polar lipids).
Lipoxygenase inhibitors. C. ulmi normally grows in the mycelial form in arginine-containing GPR medium (17) . However, when we added three 5-lipoxygenase inhibitors (gossypol, nordihydroguaiaretic acid, and propylgallate), the cells grew instead with the yeast morphology ( Table 2) . None of the cyclooxygenase inhibitors, thromboxane synthetase inhibitors, or general antioxidants influenced morphology when they were present at concentrations up to 100 ,ug/ml. Virtually identical results were obtained with conidiospore and blastospore inocula ( alcohol precursors (10, 12) . These lipoxygenase products are excreted from the cells. In addition, the structures of many of the extracellular lipids produced by yeasts (32) (e.g., 8,9,13-trihydroxydocosanoic acid) suggest that the synthesis and excretion of these lipids might be lipoxygenase mediated.
The lipoxygenase products that have been identified so far from Saprolegniaparasitica (9, 10) andA. ambise-xualis (12), both of which are classified among the lower fungi, are eicosanoids (C20) that are derived from arachidonic acid (C20:4), while C. ulmi does not contain any C20:3, C20:4, or C20:5 fatty acids (Table 1 ). This absence of potential C20 substrates in C. ulmi should not be a problem because lipoxygenases in general exhibit a rather broad substrate specificity (8, 29) . For instance, in addition to arachidonic acid, linoleic acid (C18:2) and eicosapentaenoic acid (C20 :5) are good substrates for the Saprolegnia parasitica lipoxygenase (10) . Thus, it seems likely that C. ulmi follows the plant-higher fungus lipoxygenase pattern, with linoleic and linolenic acids as substrates, rather than the animal-lower fungus pattern, with arachidonic acid as the substrate. In this regard, plants synthesize jasmonic acid and other hormonelike substances from linolenic acid (33, 34) , while the importance of PUFAs to C. ulmi has been shown by the observation that on a defined agar medium exogenous linoleic acid causes C. ulmi to produce two reproductive structures (2, 20) , perithecia (sexual) and synnema (asexual). At least one phytopathogenic fungus, Botryodiplodia theobromae (1, 22) , is known to produce jasmonic acid. We have preliminary data based on comigration during high-performance thinlayer chromatography that methyl jasmonate is also produced by C. ulmi (13) .
The discussion below concerns lipoxygenase as a previously unrecognized target for antifungal antibiotics. Many lipoxygenase inhibitors are themselves natural products of plants (8, 21) . For instance, nordihydroguaiaretic acid occurs in the resinous exudates of many plants; it was first isolated from the perennial evergreen shrub Larrea divancata (21) . Similarly, gossypol is the predominant pigment that is found in glands distributed throughout leaves, stem and root cortices, and floral parts of most cotton varieties (3); it can accumulate in the xylem at concentrations as high as 250 ,uM (3). C. ulmi is a pathogen of elm trees. Do these naturally occurring lipoxygenase inhibitors act as plant defense compounds by interfering with fungal development? For gossypol the answer is clearly yes. Bell (3) showed that gossypol (50 to 250 R,M) inhibited spore germination in eight different fungi, while Keen et al. (14) showed that gossypol could be inhibitory to Verticillium albo-atrum (now Verticillium dahliae), one of the vascular wilt fungi.
Phytoalexins are defined as low-molecular-weight antimicrobial compounds that are both synthesized by and accumulated in plants after exposure to microorganisms (16, 26) . Phytoalexins inhibit mycelial growth, conidial germination, and sporulation (4). Significantly, the antifungal mode of action of these compounds is unknown. Gossypol is listed as both a phytoalexin (3, 4) and a lipoxygenase inhibitor (8) . As a working hypothesis, we suggest that many or most phytoalexins act as lipoxygenase inhibitors. This suggestion is based primarily on a comparison of the chemical structures of phytoalexins and lipoxygenase inhibitors (e.g., Table 1 of Dixon [5] versus Tables 2, 4 , and 7 of Fitzsimmons and Rokach [8] ); prominent on both lists are members of the flavonoids, caffeic acid phenolics, and polyacetylenes. We are currently examining other known phytoalexins to determine whether they too act as lipoxygenase inhibitors.
Our suggestion regarding the fungicidal action of lipoxygenase inhibitors is exactly the opposite of the lipid peroxidation mode of action proposed by Edlich and Lyr (6) for two other groups of fungicides. The 3,5-dichlorophenylcontaining dicarboximide fungicides and the aromatic hydrocarbon fungicides are thought to promote unwanted lipid peroxidation of intracellular phospholipids, especially in the inner mitochondrial membranes which are rich in unsaturated fatty acids. The two modes of action described above appear to be complementary; they are not in conflict.
